INTRODUCTION {#sec1}
============

Bladder cancer is the seventh most common malignancy in males and seventeenth in females worldwide, whereas, in developed countries, it is the fourth and ninth, respectively \[[@cit0001], [@cit0002]\]. This high incidence and the tendency to recuring result has a major impact on health care and increases treatment costs significantly \[[@cit0003]\]. Cluster of Differentiation 47 (CD47) is a 50 kDa transmembrane glycoprotein, which is coded by the CD47 gene in humans, formerly known as Integrin Associated Protein (IAP), it is extracellular, has a N-terminal IgV area, five transmembrane areas and a intracellular area consisting of a C-terminal \[[@cit0004], [@cit0005]\]. It serves as a receptor for Thrombospondin-1(TSP-1) and counter-receptor for Signal Regulatory Protein-α (SIRP-α). These two interactions of CD47 take part in many processes such as hemostasis, cardiovascular physiology, ischemic damage, inflammation, radiation injury and cancer.

In its relationship with SIRP-α, CD47 acts as a ligand. SIRP-α is an inhibitor transmembrane receptor and takes part in the regulation of the bi-directional signaling pathway, which allows intercellular communication. In some studies, it has been found that CD47 served as a ligand for this receptor and sent an 'anti-phagocytic message' to phagocytic cells and its expression increased in tumour cells \[[@cit0006], [@cit0007]\]. It has been shown that increased CD47 mRNA expression levels in some solid tumors correlated with a decreased probability of patient survival \[[@cit0008]\]. Also, it has been seen in experimental studies that the effectiveness of treatments such as chemotherapy and radiotherapy increased in CD47+ tumors treated with CD47 antibody \[[@cit0009]\].

In this retrospective study, in which the immunohistochemical staining extent of CD47 was compared to the tumor stage and its histopathological features in patients who underwent surgery due to bladder tumor, the aim was to find whether CD47 could be used as an indicator in either one of diagnosis, follow-up, or treatment processes. We believe that our study will contribute to the literature; to our knowledge, there have been no studies on the relationship between bladder tumor stage and CD47 until today.

MATERIAL AND METHODS {#sec2}
====================

In this study, the pathology specimens of 175 patients were retrospectively examined. One hundred and eighteen (118) of these patients underwent transurethral resection of bladder tumor (TUR-B) between December 2011 and December 2013; 57 patients underwent radical cystectomy between December 2008 and December 2013 in the Urology Clinic of Türkiye Yüksek İhtisas Training and Research Hospital, Turkey. In this study, we investigated the relationship between immunohistochemical staining extent of CD47 signal regulation protein with tumor stage and histopathologic features. For this purpose, the pathology specimens were immunohistochemically stained with CD47. Clear information about the past treatment of the patients in this study could not be obtained. In this study, the 2009 World Health Organization (WHO) TNM classification was used for the determination of T stage and the 2004 WHO grading system was used for grading of tumor.

Immunohistochemical study {#sec2.1}
-------------------------

For the immunohistochemical study, 3-micron thick sections were taken from paraffin blocks using a rotary microtome and these were examined using Poly-L-lysine coated slides. 'The Avidin-biotin method' was used as the immunohistochemical staining system. All pathology preparations were incubated for 30 minutes with CD47 antibody, stained manually and counterstained with hematoxylin. CD47 immunohistochemical staining was done using mouse monoclonal \[B6H12.2\] antibody (Abcam CD47 antibody ab3283, Cambridge, UK).

For each case, CD47 staining extent was assessed using an Olympus CX31 microscope and slides prepared with immunohistochemical method and graded according to method mentioned below. One pathologist evaluated the pathology slides in terms of staining extent with CD47. Brown staining in the cytoplasm and membrane of tumor cells was used as criteria for CD47 antigen positivity.

The staining assessment was performed arbitrarily in four categories;

0: No staining in tumor cells (None)

1+: Approximately less than 1/3 staining in total tumor area (Focal)

2+: Approximately between 1/3--2/3 staining in total tumor area (Moderate)

3+: Approximately more than 2/3 staining in total tumor area (Diffuse)

In this evaluation, cells with staining were accepted as negative (category 0); and cells with a staining extent of 1 to 3 were considered positive ([Figure 1](#f0001){ref-type="fig"}).

![Staining of tumor cells with CD47. (2A) No staining in tumor cells (none), (2B) Approximately less than 1/3 staining in total tumor area (focal), (2C) Approximately between 1/3--2/3 staining in total tumor area (moderate), (2D) Approximately more than 2/3 staining in total tumor area (diffuse), (2E) Membranous staining of tumor cells.](CEJU-70-1357-g001){#f0001}

Group formation {#sec2.2}
---------------

As shown in [Table 1](#t0001){ref-type="table"}, the patients were grouped according to histopathological diagnosis of tumor.

###### 

Groups according to the pathology

  Group   Pathology
  ------- ----------------------
  1       Ta low-grade TCC
  2       Ta high-grade TCC
  3       T₁low-grade TCC
  4       T₁high-grade TCC
  5       T₂ TCC
  6       T~3~ TCC
  7       T~4~ TCC
  8       Inflammation
  9       Adenocarcinoma
  10      Giant cell sarcoma
  11      Neuroendocrine tumor

Statistics {#sec2.3}
----------

In this study, first of all, the age, gender and pathology data of the patients were determined as descriptive statistics. Then, the hypothesis that there was no statistical difference between CD47 staining extents of two groups formed according to histopathological features of bladder tumor was tested using two sample t-test and analysis of variance. In cases where statistical hypothesis was rejected, the hypothesis of the CD47 staining relationship direction of groups was tested with one sample t-test. The results were summarized in related tables. SPSS 22.0 was used for statistical analysis and the statistical significance was accepted as p \<0.05.

RESULTS {#sec3}
=======

A total of 175 (100%) patients were included in the study. One hundred sixty-one (161) of these patients were male (92%) and 14 were female (8%). The average age of the patients included in the study was 66.2; the median age was found to be 67. It was found that 14 patients had carcinoma in situ (CIS)+ in their pathologies (8%) and 161 patients had CIS- in their pathologies (92%). According to TNM staging system, there were 156 N0 patients (89.1%), 12 N1 patients (6.8%) and 1 N3 patient (0.57%). Twenty-nine (29) of the patients included in our study were diagnosed with TCC Ta low-grade (16.57%), 28 (16%) with TCC Ta high-grade, 2 (1.14%) with TCC T1 low-grade, 32 (18.29%) with TCC T1 high-grade, 30 (17.14%) with TCC T2, 25 (14.29%) with TCC T3, 10 (5.71%) with TCC T4, 13 (7.43%) inflammation, 2 (1.14%) with adenocarcinoma, 1 (0.57%) giant cell sarcoma, 3 (1.71%) with neuroendocrine tumors ([Table 2](#t0002){ref-type="table"}).

###### 

Clinicopathological parameters of patients

  ---------------------------------------
  Operation              \(n\)   (%)
  ---------------------- ------- --------
  TUR-B                  118     67

  Cystectomy             57      33

  Sex                            

  Male\                  161\    92\
  Female                 14      8

  Age                            

  Mean\                  66.2\   
  Median                 67      

  Carsinoma in situ              

  Carsinoma in situ +\   14\     8\
  Carsinoma in situ -    161     92

  Lymph node                     

  N~0~\                  156\    89.1\
  N~1~\                  12\     6.8\
  N~2~\                  6\      3.4\
  N~3~                   1       0.57

  Pathology                      

  Ta low-grade TCC\      29\     16.57\
  Ta high-grade TCC\     28\     16\
  T₁ low-grade TCC\      2\      1.14\
  T₁high-grade TCC\      32\     18.29\
  T₂ TCC\                30\     17.14\
  T~3~ TCC\              25\     14.29\
  T~4~ TCC\              10\     5.71\
  Inflammation\          13\     7.43\
  Adenocarcinoma\        2\      1.14\
  Giant cell sarcoma\    1\      0.57\
  neuroendocrine tumor   3       1.71

  Total                  175     100
  ---------------------------------------

There was a statistically significant difference between Ta (Group 1+2) tumor pathology (1.52 +/0.88) and T1 (Group 3+4) tumor pathology (1.91 ±0.71), in terms of average value of CD47 staining extent (p = 0.034). The direction of this difference was found that T1 tumors were stained significantly more compared to Ta tumors (p = 0.00001) ([Table 3](#t0003){ref-type="table"}).

###### 

The relationship between clinicopathological para-meters of patients with CD47 staining extent

  ---------------------------------------------------------------------------------
                                              n      Mean CD47 Value   P
  ------------------------------------------- ------ ----------------- ------------
  Ta(Group 1+2)\                              57\    (1.52 ±0.88)\     p = 0.034
  T~1~ (Group 3+4)                            34     (1.91 ±0.71)      

  Ta (Group 1+2)\                             57\    (1.52 ±0.88)\     P = 0.016
  T~1~+T~2~+T~3~+T~4~ (Group 3+4+5+6+7)       76     (1.86 ±0.73)      

  Ta low-grade+T~1~ low-grade (Group 1+3)\    31\    (1.67±0.79)\      p = 0.9545
  Ta high-grade+T~1~ high-grade (Group 2+4)   60     (1.66 ±0.87)      

  NMIBC (Group 1+2+3+4)\                      91\    (1.67 ±0.84)\     p = 0.4794
  MIBC (Group 5+6+7)                          65     (1.76 ±0.87)      

  TCC (Group 1+2+3+4+5+6+7)\                  156\   (1.71 ± 0.85)\    p \<0.001
  İnflammation (Group 8)                      13     (0.23 ±0.59)      

  Carcinoma in situ+ in NMIBC\                13\    (2.15 ±0.55)\     p = 0.0248
  Carcinoma in situ- in NMIBC                 78     (1.58 ±0.85)      

  N~0~ in MIBC\                               47\    (1.74 ±0.84)\     p = 0.71
  N~1~+N~2~+N~3~ in MIBC                      15     (1.83 ±0.98)      

  TUR-B\                                      118\   (1.55 ±0.93)\     p = 0.26
  Cystectomy                                  57     (1.71 ±0.92)      
  ---------------------------------------------------------------------------------

There was a statistically significant difference between Ta (Group 1+2) tumor pathology (1.52 +/0.88) and T1+T2+T3+T4 (Group 3+4+5+6+7) tumor pathology (1.86 ±0.73), in terms of average value of CD47 staining extent. T1+T2+T3+T4 tumors were stained significantly more compared to Ta tumors (p = 0.016) ([Table 3](#t0003){ref-type="table"}).

There was no statistically significant difference between the average value of CD47 staining extent with Ta low-grade+T1 low-grade (Group 1+3) tumor pathology (1.67 ±0,79) and the average value of CD47 staining extent with Ta high-grade+T1 high-grade (Group 2+4) tumor pathology (1.66 ±0.87) (p = 0.9545). In short, there was no statistically significant difference between high-grade and low-grade tumors in terms of CD47 staining extent.

There was no statistically significant difference between the average value of CD47 staining extent with non-muscle invasive bladder cancer (NMIBC) (Ta+T1) pathology (1.67 ±0.84) and the average value of CD47 staining extent with muscle invasive bladder cancer (MIBC) (T2-T4) pathology (1.76 ±0.87) (p= 0.4794).

There was a statistically significant difference between transitional cell cancer (TCC) tumor pathology (1.71 ±0.85) and inflammation (Group 8) pathology (0.23 +/-0.59) in terms of average value of CD47 staining extent (p \<0.001). Tumor tissues were stained significantly more compared to inflammation (p \<0.0001).

There was a statistically significant difference between the average value of CD47 staining extent with CIS+ (2.15 ±0.55) and the average value of CD47 staining extent CIS- (1.58 ±0.85) in NMIBC (Ta+T1) (p = 0.0248). CIS+ were stained significantly more compared to CIS- tumors in NMIBC (p = 0.0002).

Among patients with MIBC (T2--T4), there was no statistically significant difference between the average value of CD47 staining extent of the group consisting of 47 patients belonging to N0 category according to TNM classification (1.74 ±0.84) and the average value of CD47 staining of the group consisting of 15 patients belonging to (N1--N3) category (1.80 ±0.98) (p = 0.71).

There was no statistically significant difference between patients who underwent TUR-B (1.55 ±0.93) and patients who underwent cystectomy (1.71 ±0.92), in terms of the average value of CD47 staining extent (p = 0.26). We found a correlation coefficient of 0.13 between CD47 staining extent and tumor stage and concluded that there was no significant relationship between them.

DISCUSSION {#sec4}
==========

There are intensive studies conducted on various markers in order to determine the diagnosis and prognosis of bladder tumor. There have been studies on markers associated with oncogenes, cell cycle regulators, and apoptosis. Although some are promising, no markers have been found to be suitable for routine clinical use \[[@cit0010]\].

The functions of CD47 cell membrane receptors are neutrophil traffic, T cell co-simulation and neuronal regeneration \[[@cit0011]\]. CD47 interacts with SIRP-α, which is the specific receptor on macrophages, and down-regulates the phagocytic functions of macrophages \[[@cit0012]\].

There is an increase in the expression of CD47 in many malignancies seen in humans. There are studies that indicate that high CD47 expression is a diagnostic marker and an unfavorable prognostic factor in patients with leukemia and ovarian cancer \[[@cit0006], [@cit0013], [@cit0014]\]. In the most extensive and multicenter study conducted by Willingham et al., it has been found that CD47 expression increased in solid cancers such as bladder, prostate, lung, kidney, stomach cancers, hepatocellular carcinoma, glioblastoma multiforme, and sarcoma compared to normal tissue and that it was an unfavorable prognostic factor \[[@cit0008]\].

It has been demonstrated that cancer cells circulated in peripheral blood in many cancer types (Circulating Tumor Cell, CTC) \[[@cit0015]\]. A sub-population that has the ability to regenerate itself was defined among these CTCs. These cells, which are called metastasis initiating cells (MIC) and cancer stem cells (CSC), have been identified in breast, prostate, lung and colorectal cancers \[[@cit0016], [@cit0017], [@cit0018]\]. It has been shown that CSCs are CD44+, CD47+, CD123+, EpCAM+, CD133+, IGF-1 receptor positive. It has been proven that CSCs play an important role in resistance to the modern cancer treatment and it has been predicted that targeting the receptors mentioned above shall increase the rate of success in cancer treatment \[[@cit0019], [@cit0020], [@cit0021]\]. It has been shown that in hepatocellular carcinoma patients, CD47 expression of tumor initiating cells detected in patients who were resistant to chemotherapy were upregulated compared to chemosensitive patients \[[@cit0022]\].

In 2009, Chan et al. have defined the tumor initiating cell in bladder cancer, reporting CD47 as highly expressed \[[@cit0023]\]. They have also proven that these cells were associated with poor prognosis.

Zhao et al. opposed the argument put forward by Wilingham et al. that tumor cells avoided phagocytosis due to CD47\'s interaction with SIRP-α and claimed that CD47 antibodies bound CD47+ tumor cells and tumor cells were killed by neutrophils and Natural Killer cells with antibody dependent cell death method \[[@cit0007], [@cit0024]\]. Whatever the causative mechanism is, CD47 is indeed expressed in numerous tumors and can be targeted for treatment.

There are no studies in the literature investigating the relationship between bladder tumor stage and CD47 staining level. We have found a statistically significant difference in terms of CD47 staining levels between Ta stage bladder tumor and T1 stage bladder tumor (p = 0.034). Also there was a statistically significant difference in terms of CD47 staining levels between Ta stage bladder tumor and T1+T2+T3+T4 bladder tumor (p = 0.016). The fact that this difference could not be observed between MIBC and NMIBC brings up the question whether or not CD47 is critical in the progression from Ta stage to T1. The abundance of CD47 antigens in the T1 stage will lead to the invasion of tumor cells and will likely increase risks of unfavorable progression. The question that needs to be asked is whether or not CD47 can aid urologists in the management of Ta disease, functioning as a marker for progression to T1, since prognosis and treatment options are significantly different in these scenarios.

In this study, we have shown that CD47 cannot be used to predict tumor grade and that there was not a significant difference in terms of CD47 staining levels between low-grade and high-grade NMIBC (p = 0.9545).

Investigating whether CD47 could predict CIS+ in NMIBC, we found that CD47 staining levels of CIS+ group and CIS- group were significantly different in NMIBC (p = 0.0248). Thus we propose the idea that CD47 could be a new marker in CIS+ patients. These observations should be interpreted with caution, since much of our cohort was submitted to TUR-B, where the mucosa adjacent to the tumor is not always accessible, and therefore, carcinoma in situ incidence might be underestimated. It is recommended by the European Association of Urology(EAU) Guidelines to combine conventional cystoscopy with cytology since the risk of overlooking is high in carcinoma in situ. If CD47+ can be shown immunohistochemically in patients whose specimen pathology result is Ta or T1, it will be possible to achieve a more successful photodynamic cystoscopy or random biopsy to show CIS+. Considering that CIS+ tumors can turn into invasive bladder cancer with a probability of 50--55% in 5 years, if they do not receive any treatment, the importance of this diagnosis can be understood once again.

We could not find a statistically significant difference between CD47 staining levels of NMIBC (Ta+T1) and MIBC (T2--T4). Therefore, CD47 is insufficient to demonstrate muscle invasion in bladder tumors.

There was no difference in MIBC (T2--T4) CD47 staining levels between the lymph node involvement group and the non-lymph node involvement group (p = 0.71). Therefore, CD47 was insufficient in terms of predicting lymph node involvement, which is considered to be the first step of systemic spread in invasive tumors.

A comparison between CD47 staining levels of the patient group with inflammation pathology and the group with TCC pathology has shown that there was a statistically significant difference in favor of the TCC group (P \<0.001). However, the lack of normal bladder epithelium in the control group and the fact that number of patients in the group with inflammation pathology was relatively low compared to the group with tumor (13 vs. 156), make this finding debatable. Therefore, the idea that CD47 expression level is higher in tumor tissue than non-tumor tissue remains a prediction.

It is obvious that results regarding CD47 are promising, however there is a need for prospective studies on a larger scale.

CONCLUSIONS {#sec5}
===========

We have validated the overexpression of CD47 in bladder cancer and have shown important differences between its expression in Ta and T1 lesions. This finding is exciting since markers for progression from tumour to invasive disease are lacking in clinical practice. Although our findings remain to be reproduced by studies with a prospective design on a larger scale, we believe CD47 is also promising as a marker for therapy, since this protein can be targeted and because bladder cancer chemosensitivity has currently been linked to tumor and host immune responses.
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